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i. 

[Spedification] 

[Title of the invention J 

Mixer Circuit Having Improved Even Order Noise, DC Offset, and Linearity 
Characteristic['[ 
5 [Technical field] 

The present invention relates to a mixer circuit, more specifically to an 
improvement of even order noise, DC offset, and linearity characteristics of the 
mixer circmt applicable to llie direct conversion receiver etc. 
[Related art] 

10 Recently, it is required that the user tCTminal is to become smaller, cheaper 

and consume less power according to the wide use of the portable wireless 
telephone. Thus, direct conversion receiver is broadly used. If direct conversion 
receiver is used, the channel filter of bandwidth pass filter (BPF) which is 
necessary to the superheterodine receiver is not required since there is no image 

15 frequency component. Instead of that, low pass filter (LPF) is used as the channel 
filter. Therefore, the integrated circuit fabrication process can be made simple. 

Direct conversion receiver basically transforms the input radio frequency 
signal to the baseband fi-equency signal directly. This corresponds to the case that 
the middle frequency is 0 Hz for the superheterodine receiver. Therefore, local 

20 oscillator signal having nearly the same frequency as the input frequency is 
generated and mixed with the input frequency to directly transform the input radio 
frequency signal to the baseband frequency signal. Fig. 1 shows the input signal 
whose carrier frequency is CD rf, LO signal whose frequency is CD lq, and the 

1 
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baseband signal generated by mixing the above two signals in the frequency 
domain. Fig. 2 is a circuit diagram illustrating the mixer 205 for mixing the input 
signal 201 and LO signal 203 and related circuits. 

As shown in Fig, 1, the middle frequency O) n? signal having zerb (0) Hz 
5 frequency is generated by mixing the LO signal having the same frequency lq 
as tiie carrier frequency Q) rf of the RF modification signalii^using a mixer. The 
middle frequency signal whose frequency is 0 Hz generated by mixing the carrier 
frequency and LO signal includes the baseband frequency signal, LO frequency 
CO LO signal, carrier frequency (o jp signal, the signal whose frequency a> lo'^ ^ if 
10 is the sum of the LO frequency and the carrier frequency, and the sigriaLwhose 
frequency |a) lo- if| is the difference between the LO frequency and the carrier 
frequency components. It is possible to extract the information signal and the 
signal whose frequency \(o zo" <^ if| is the difference between the LO frequency 
and the carrier frequency component by cutting off tihe signals except the baseband 
15 frequency signal among those components using low pass filter as shown in Fig. 2. 

This direct conversion receiver still has some shortcomings as listed below. 
First, the direct conversion receiver has the problem of DC offset voltage 
due to the mixing of the signals having the same frequency, ■ 

The reason of the generation of the DC offset is as follows. As shown in Fig. 
20 2, a part of the LO signal is leaked through the radio frequency signal input 
terminal of the mixer 205 due to the characteristic of the hardware. The leaked LO 
signal is reflected from the output port of the radio frequency signal amplifier 209 
and the antenna 21 1. The reflected LO signal is mixed with the LO signal in the 
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mixer and appears as tibe DC component in the output signal. This is called as 
dynamic DC offset The amount of the dynamic DC offset depends largely on the 
reflective ratio at iiie radio frequency signal amplifier 209 and the antenna 211. 
Hie reflective ratio is variable according to the amplifying ratio of the amplifier 
5 209, and therefore, the amount of dynamic DC offset is variable to time. 

Another reason for DC ofi&et is non-synimetric characteristic between 
circuits contributes to the signals of positive phase and the reverse phase in the 
case of so-called balanced mixer which obtains the signals of positive atid reverse 
phases firom the signal component whose fi-equency |© lq- if| is the difference 
10 between the LO fi:iequency and the carrier frequency component. Then, the signals 
of positive phase and the reverse phase firom the signal component whose 
frequency |co lq- w\ is the difference between the LO frequency and the carrier 
frequency component are generated asynmietrically and DC offset is brought about. 
This is called as static DC offset. 
15 Those DC offset remains in the output signal as the non-preferable 

component, and becomes a reason of deterioration of the characteristics of the 
direct conversion receiver using mixer. Therefore, the DC offset voltage existing in 
the mixer should be removed. 

Second, the direct conversion receiver has a problem of second order 
20 intermodulation (IMD2) component. Most mixer circuits are implemented by the 
active elements. The active elements show non-linear characteristic especially in 
the case that the radio frequency signal is inputted. 

This non-linear characteristic can be approximated by the power series. The 

3 
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most important component of the even order component among the components 
. which is approximated by the power series is the second order component, and the 
even order component can be approximated as the second order component. 

However, the non-linear characteristic of the mixer circuit as described 
5 above is known as the main reason for deterioration of the performance of the 
whole circuit of the direct receiver. 
[Detailed description of the invention] 

The object of the present invention is to provide a mixer circuit whose DG 
offset is removed. 

10 Another object of the present invention is to provide a mixer circuit whose 

non-linear characteristic due to the non-linear characteristic, especially the even 
order component is improved as well as removing the DC offset. 

Another object of Ihe present invention is to provide a mixer circuit whose 
leakage of the local signal to the input terminal is reduced. 

15 Another object of the present invention is to provide a mixer circuit whose 

gain for the DC signal at the oulput terminal is substantially zero (0). - 

Another object of the present invention is to provide a mixer circuit whose 
DC offset due to the phase mismatching and the gain mismatching of the mixer 
circuit is substantially zero (0). 

20 According to an aspect of the present invention, a mixer circuit comprising 

a first circuit including a first active element and a second element; and a second 
circuit including a third active elernent and a fourth element; and wherein each of 
the firist through the fourth active elements has a first terminal, a second terminal. 
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and a third tenninal; the amount and the direction of the current flowing from the 
second teiminal to the third terminal are changed based on the voltage applied 
between the first terminal and the second terminal is provided. The second 
terminals of the firet active element and the second element are connected to each 
5 other and connected to a sescond power supply via a first bias and impedance part 
of the second terminal side, and the second terminals of the third active element 
and the fourth element are connected to each other and connected to a second 
power supply via a second bias and impedance part of the second terminal side, the 
first terminals of the first active element and the fourth element are connected to 

10 the first input terminal and the second input terminal, respectively, and the first 
terminals of the second active element and the third element are connected to each 
other and connected to the third input tenninal, the first input terminals of the first 
through fourth active elements are connected to a first voltage via the first bias arid 
impedance parts, respectively, to maintain a prescribed operational bias voltage, 

15 and the connection point of the third terminal of the first active element and the 
third element is connected to a first power supply via a first output terminal and a 
bias and impedance part of the first output side, and the connection point of the 
third terminal of the second active element and the fourth element is connected to a 
first power supply via a second output terminal and a bias and impedance part of 
20 the second output side. 

According to another aspect of the present invention, a mixer circuit 
comprising a first circuit including a first active element and a second element; and 
a second circuit including a third active element and a fourth element; arid wherein 
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each of the jBrst through the fourth active elements has a first terminal, a second 
terminal, and a third terminal; the amount and the direction of the current flowing 
from the second terminal to the third terminal are changed based on the voltage 
applied between the first terminal and the second terminal is provided. The second 
5 terminals of the first active element and the second element are connected to each 
other and connected to a: first power supply via a first bias and impedance part of 
the firsit source terminal side, and the second terminals of the third active element 
and the fourth element are connected to each other and connected to said first 
power supply via a second bias and impedance part of the second source side, the 

10 first terminals of the first active element and the fourth element are connected to 
the first radio frequency input terminal and the second radio frequency input 
terminal, respectively =, and the first terminals of the second active element and the 
third element are connected to each other and connected to the local oscillator 
(LO) signal input terminal, the fibrst input terminals of the first through fourth 

15 active elements are connected to a first voltage via the first bias and impedance 
parts, respectively, to maintain a prescribed operational bias voltage, and the 
connection point of the third terminal of the first active element and the third 
element is coimected to a second power supply via a first output terminal and a 
bias and impedance part of the first output side, and the connection point of the 

20 third terminal of the second active element arid the fourth elerrient is connected to 
said second power supply via a second output terminal and a bias and impedance 
part of the second output side. 

According to another aspect of the present invention, a mixer circuit 

6 
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comprising a first type circuit part comprising a first circuit including a first active 
element and a second element and a second circuit including a third active element 
and a fourth element, each of the first through the fourth active elements having a 
first terminal, a second terminal, and a third terminal, arid the amount and the 
5 direction of the current flowing firom the second terminal to the; third terminal 
being changed based on the voltage applied between the first terminal and the 
second terminal; aud a second type circuit part comprising a first circuit including 
a first active element and a second element of a second type complementary to said 
first type and a second circuit including a third active element and a foxirth element 

10 of a second type is provided. The second terminals of the first active element and 
the second element of the first type are coimected to each other and connected to a 
second power supply via a first bias and impedance part of the second tenmnal 
side of the first type, the second temiinals of the third actiye eleinent and the fourth 
element of the first type are coimected to each other and connected to a second 

15 power supply via a second bias and impedance part of the second terminal side of 
the first type; the second terminals of the first active element and the second 
element of the second typo are connected to each other and connected to a first 
power supply via a first bias and impedance part of the second terminal side of the 
second type, and the second terminals of the third active element and the fourth 

20 element of the second type are coimected to each other and connected to a second 
power Supply via a second bias and impedance part of the second terminal side of 
the second type, the connection point of the first terminals of the first active 
elements of said first type and second type and the connection point of the first 
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terminals of the fourth elements of said first type and second type are connected to 
the first radio firequency input terminal and the second radio frequency input 
terminal, respectively, and the first terminals of the second active element and the 
third element of said first type and said second type are connected to each other 
5 and connected to the local oscillator (LO) signal input terminal, the first terminals 
of the first active element through the fourth element of said first type and second 
type are connected to the first voltage via a first bias and impedance part through a 
fourth bias and impedance part of first type first input teiminal side and a first bias 
and impedance part through a fourth bias and impedance part of second type first 

10 input terminal side, respectively, to maintain a prescribed operational bias voltage, 
and the connection point of the third terminals of the first active elernent and the 
third element of said first type and second type is connected to a first power supply 
yia a first output terminal and a bias and impedance part of the first output side, 
and the connection point of the third terminals of the second active element and tiie 

15 fourth element of said first type and second type is connected to a first power 
supply via a second output terminal and a bias and impedance part of the second 
output side. 

According to another aspect of the present invention, a mixer circuit 
comprising a separator separating input signal from input terminal to a first signal 
20 and a second signal having about 180 degrees of phase difference from each other; 
a local oscillator generating local frequency signal; a first mixer mixing said first 
signal and said local frequency signal; a second mixer mixing said second signal 
and said local frequency signal; and a subtracter subtracting output signal of said 

8 ■ ■ - ' ' 
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second mixer from output signal of said first mixer is provided. 

According to another a^ect of the present invention, a ncdxer circuit 
comprising a separator separating input signal from input terminal to a first signal 
and a second signal having the same phase; a local oscillator generating local 
5 frequency signal; a phase transformer transfonning said local frequency signal 
about 180 degrees phase; a first phase compensation meacis for transfonning the 
phase of the local frequency signal LO which is 180 degrees phase transformed by 
a prescribed phase value; a second phase compensation means for transfonning the 
phase of the local frequency signal LO by a prescribed phase value; a first mixer 

10 nodxing said first signal and the signal whose phase is transformed by said first 
phase compensation means; a second mixer mixing said second signal and the 
signal whose phase is transformed by said second phase compensation means; a 
subtractor subtracting output signal of said second mixer from output signal of said 
first mixer; and means for changing the phase value transformed by the one of said 

15 first phase compensation means and said second phase compensation means while 
the phase value transformed by the other of said first phase compensation means 
and said second phase compensation means is fixed is provided 

According to another aspect of the present invention, a mixer circuit 
comprising a separator separating input signal from input terminal to a first signal 

20 and a second signal having the same phase; a local oscillator generating local 
. frequency signal; a phase transformer transforming said local frequency signal 
about 1 80 degrees phase; a first mixer mixing said first signal and the signal whose 

phase is transformed by 180 degrees; a second mixer mixing said second signal 

\ ■ ■ ■ " ■ 

9 
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and said local frequency signal LO; a first gain compensation means for adding a 
prescribed gain to the output signal of said first mixer; a second gain compensation 
means for adding a prescribed gain to the output signal of said second mixer; a 
subtracter subtracting the output signal of said second gain compensation means 
5 from the output signal of said jfirst gain compensation means; and means for 
changing the gain value added by the one of said first gain compensation means 
and said second gain compensation means while the gain value added by the other 
of said first gain coinpensation means md said second gain compensation means is: 
fixed is provided. 
10 [Brief description of the drawings] 

Fig. 1 shows the input signal whose carrier frequency is Q) rf, LO signal 
whose frequency is O) loj and the baseband signal generated by mixing the above 
two signals in the frequency domain. 

Fig. 2 is a circuit diagram illustrating the mixer 205 for mixing the input 
15 signal 201 and LO signal 203 and related circuits. 

Fig. 3 is a circuit diagram illustrating the mixer circuit whose DC offset is 
cut off according to the present invention. 

Fig. 4 is a circuit diagram showing the complementary circuit with the 
embodiment shown in Fig. 3 using P type MOSFETs whose characteristics are 
20 complementary to N type MOSFET. 

Fig. 5 is a graph illustrating the drain current Ids, transconductance gm, and 
first differential equation gm' of the transconductance to the voltage Vgs between 
gate and source. 

10 ' ' 
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Fig. 6 shows the circuit composed as the draiiis of N-type MOSFET and P- 
type MOSFET are connected to each other and to be biased in the region in which 
the having the maximum or, the minimum value, and the graph illustrating the 
values of the first differential equations of transconductances of two elements of 
5 the same circuit. 

Fig. 7 is a circuit diagram showing a mixer circuit- whose linearity is 
improved using the active elements which are complementary to each other 
according to the preferred embodiment of the present invention. 

Fig. 8 is a circuit diagram illustrating the first embodiment of the mixer 
10 circuit in which the DC offset is cut off according to the present invention. 

Fig. 9 is to explain the operation of the circuit shown in Fig. 8. 

Fig. 10 is a circuit diagram illustrating the second embodiment of the mixer 
circuit in which the DC offset is cut off according to the present invention. 

Fig. 11 is a block diagram illustrating another embodiment of the mixer 
15 circuit according to the present inventioii. 

Fig. 12 is the circuit having means for measuring and compensating the 
phase mismatching and the gain mismatching for the second embodiment shown in 
Fig. 11. 

Fig. 13 shows another embodiment of the mixer circuit having means for 
20 phase compensation and gain compensation according to the present invention. 

Fig. 14 is a graph showing an example of the change of the detected power 
Vd according to the phase mismatching A(p, gain mismatching AG, or control 
voltage Vc. 

11 
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Fig. 15 shows an embodiment in which the mismatching is compensated by 
directly measuring the putput voltage and power. 

Fig. 16 is an embodiment of the mixer circuit in which the first embodiment 
of the present invention designed to output differential signals. 
5 Fig. 17 is an embodiment of the mixer circuit in which the second 

embodiment of the present invention designed to output differential signals. 

Fig. 18 shows the embodiment of the IQ mixer circuit made of the mixer 
circuits according to the present invention. 

Fig. 19 shows the embodiment of the IQ mixer circuit made of the 
10 embodiment having differential output as a unit mixer among the mixer circuits 
according to the present invention. 

<bescription of the symbols of the important part of the drawings> 
Qnl 1 : the first active element of the first type mixer circuit 
Qnl2: the second active element of the first type mixer circuit 
15 Qn2 1 : the third active element of the first type mixer circuit 

Qn22: the fourth active element of the first type mixer circuit 
Qpl 1 : the first active element of the second type mixer circuit 
Qpl2: the second active element of the second type mbcer circuit 
Qp21 : the third active element of the second type mixer circuit 
20 Qp22: the fourth active element of the second type mixer circuit 

[Embodiments] 
First embodiment of the mixer circuit 

Fig. 3 is a circuit diagram illustrating an embodiment of the mixer circuit in 

12 
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which DC offset is cut off according to the present invention. 

The mixer circuit according to the present invention utilizes four (4) active 
elements Qnl, Qn2, Qn3 and Qn4. Each Qn of the active elements has a gate gn, 
source sn and drain dn. The active element Qn has a characteristic that the 
5 direction and the quantity of current flowing from the source sn to the drain dn or 
vice versa are determined according to the polarity and the amount of the voltage 
applied to the gate gn and the source sn. Active elements having such 
characteristic includes bipolar junction transistor (BJT), jimction field effect 
transistor (JFET), metal oxide semiconductor field effect transistor (MOSFET), 
10 and metal semiconductor field effect transistor (MESFET), 

Some active elements have hpdy terniinal bn besides the gate gn, source sn, 
and drain dn. Such active elements have a characteristic tiiat the direction and the 
quantity of current flowing from the source sn to the drain dn or vice versa are 
determined according to the polarity and the amount of the voltage applied to the 
15 gate gn and the body dn. Active elements having such characteristic includes metal 
oxide semiconductor field effect transistor (MOSFET). 

It will be described using MOSFET as an example. However, the spirit of 
the present invention can be applied to all active elements which can be used as an 
amplifier as well as the MOSFET. Therefore, the idea and the scope of the present 
20 invention is not confined to the MOSFET though the description is concentrated to 
the MOSFET in this specification. 

As shown in Fig. 3, an amplifier circuit whose linearity is improved 
according to the present invention comprises a first mixer circuit including a first 

13 
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active element Qnl and a second active element Qn2, and a second mixer circuit 
including a third active element Qn3 and a fourth active element Qn4. Fig. 3 shows 
that all of the active elements Qnl, Qn2, Qn3 arid Qn4 are N-type MOSFETs, and 
the description will be concentrated to the N-type MOSFET. However, it is 
5 apparent to those skilled in the art that the complementary circuit to the circuit 
shown in Fig. 3 may be composed using the complementary, elements of N-type 
MOSFET, and tins will be mentioned later. 

The first mixer circuit and the second mixer circuit have constitutions of 
source-coupled pair. That is, for the first mixer circuit, the sources of the first 
10 active elements Qnl and the second active element Qn2 are coimected to each 
other and connected to the first power supply via the prescribed bias and 
impedance Zsnl of source side. For the second mixer circuit, the sources of the ' 
third active elements Qn3 and the fourth active element Qn4 are connected to each 
other and coimected to the second power supply via the prescribed bias and 
15 impedance Zsn2 of source side. According to the preferred embodiment of the 
present invention, they may be earthed instead of connecting to the second power 
supply. 

Gates of the first active element Qnl and the second active element Qn2 are 
coimected to the first radio frequency input terminal RF- and the second radio 
frequency input terminal RF+, respectively. The first power supply is applied to 
the gates of the first active element and the fourth active element to maintain 
driving bias voltage via biases and impedances Zgnl and Zgn2 of gate sides 
respectively.. 

14 
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It is preferable that the radio frequency signals having reverse phases are 
applied to the first radio firequency input terminal RF- and the second radio 
frequency input temiinal RF+ for the embodiment shown in Fig. 3 to act as the 
mixer circuit. The radio frequency signals inputted to the first radio frequency 
5 input terminal RF- and ttie second radio frequency input tenninal RF+ are the 
signals in which the information signals are modified by the carrier wave having 
prescribed radio frequency. In this specification, the radio frequency of the carrier 
wave to modify the information signals are set to Q) rf. 

Gates of the second active element and the third element are cormected to 
10 each other and coimected to the LO frequency input terminal LO. The first power 
supply is applied to the gates of the second active element and the third active 
element to maintain driving bias voltage via bias and impedance Zgn3 of gate side. 

It is preferable that the frequency O) lo of the signal inputted to the LO 
frequency mput terminal LO is a half of the earner wave frequency cd rp for the 
15 embodiment shown in Fig. 3 to operate as a mixer circuit. The LO frequency 
signal may be generated by the local oscillator. 

As described above, the first power supply is applied to the gates of the first 
active element through the fourth active element to maintain driving bias voltage 
via biases and impedances Zgnl, Zgo2, ZgnS and Zgn4 of gate side. The driving 
20 bias voltage is appropriately set according to the types of the first active element 
through the fourth active element. For example, if the first through fourth active 
elements of Fig. 3 were N-type MOSFETs, the bias voltage is maintained to DC 
voltage between gate and source of N-type MOSFET to operate each active 

15 
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element within a preferable operating region. This is called as N-type MOSFET 
bias voltage NMOS^BIAS in this specification. 

The source voltage Vsn and the body voltage Vbn are applied to the source 
terminals and body terminals of each active elements Qnl, Qn2, Qn3 and Qn4. 
5 According to preferred embodiment of the present invention, a bias part, which is 
connected to the power supply, is connected between the source terminal and the 
body terminal of each active element Qn. Therefore, the source voltage Vsn and 
the body voltage Vbn are regulated from the power supply through the bias part. In 
this specification, the bias part coimected between the power supply, the source 
10 terminal and the body terminal is called as operating point bias part. 

The output terminals of the first mixer and the second mixer are cross- 
connected to each other. That is, the drains of the first active element and tibe third 
active element are connected to each other and coimected to the first output 
terminal IF-. The drains of the second active element and the fourth active element 
15 are connected to each other and connected to the second output terminal IF-i-. The 
final output may be obtairled by differentiating the signals of the first output 
terminal IF- and the second output terminal IF+. 

The coiineqtion point of the drains of the first active element and the third 
active element is coimected to the first power supply via the prescribed bias and 
20 impedance part Zdnl of drain side. The connection point of the drains of the 
second active element and the fourth active element is connected to the second 
power supply via the prescribed bias and impedance part Zdn2 of drain side. In this 
specification, the bias part connected between the drain and tiie output termiaal as 

16 
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output side bias part. 

As described above, the radio frequency signals RF- and RF+ having 
reverse phases are inputted to the first mixer circuit and the second mixer circuit. 
Hie same LO signal LO is inputted to the first mixer circuit and the second mixer 
5 circuit It is preferable that the frequency O) Loof the signal inputted to the LO 
frequency input terminal LO is substantially a half of the carrier wave frequency 
CO RF- Then, the output of the whole circuit, that is, the differential signal of the first 
output terminal IF- and the second output terminal IF+ has the form of pulse 
stream having narrow width. Then, the width of the pulse stream is proportional to 
10 the amplitude of the RF signal. 

According to the circuit shown in Fig. 3, the output signal of the whole 
circuit has a form of pulse width modulation signal modified to be the widtli 
proportional to the amplitude of the RF signal. Therefore, the output signals does 
not comprise the undesired LO signal component substantially but the desired 
15 baseband signal included in the frequency signal modified by the carrier wave 
signal having frequency of O) ri?. It does mean that DC offset is improved. 

Moreover, LO signal components ^e rarely leaked to the first radio 
frequency input terminal RF- and the second radio frequency input terminal RF+ 
in the case that the first mixer circuit and the second mixer circuit have nearly the 
20 same scale and the same structure. It can be achieved by forming the active 
elements constituting the first mixer circuit and the second mixer circuit on the 
same substrate and the same layer. 

Fig. 4 shows the complementary circuit to the circuit shown in Fig. 3 using 

. 17 
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P-type MOSFET having complementary characteristics to the N-type MOSFET, 

The above description about Fig. 3 can be appUcable to the circuit shown in 
Fig. 4, since the circuit shown in Fig. 4 is formed complementarily to the circuit 
, shown in Fig. 3. 

5 In the embodiment shown in Fig. 4, the first power supply is applied to the 

gates of the first active elenient through the fourth active element to maintain 
driving bias voltage via biases and impedances Zgnl, Zgn2, ,Zgn3 and Zgn4 of 
gate side, too. The driving bias voltage is appropriately set according to the types 
of the first active element through the fourth active element. For example, if the 

10 first through fourth active elements of Fig. 4 were P-type MOSFETs, the bias 
voltage is maintained to DC voltage between gate and source of P-type MOSFET 
to operate each active element within a preferable operating region. This is called 
as P-type MOSFET bias voltage PMOS_BIAS in tins specification. 

In addition, it is described that, for the first mixer circuit, the sources of the 

15 first active elements Qnl and the second active element Qn2 are coimected to each 
other and coimected to the first power supply via the prescribed bias and 
impedance Zsnl of source side, and, for the second mixer circuit, the sources of 
the third active elements Qn3 and the fourth active element Qn4 are connected to 
each other and connected to the second power su]^ply via the prescribed bias and 

20 impedance Zsn2 of source side. According to the preferred embodiment of the 
present invention, they may be earthed instead of coimecting to the second power 
supply. On the other hand, it is preferable that, for the first mixer circuit, the 
sources of the first active elements Qpl and the second active element Qp2 are 
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connected to each other and connected to the first power supply via the prescribed 
bias and impedance Zspl of source side^ and, for the second mixer circuit, the 
sources of the third active elements Qp3 and the fourth active element Qp4 are 
connected to each other and connected to the second power supply via the 
5 prescribed bias and impedance Zsp2 of source side in Fig. 4. 

Moreover, according to Fig. 3, the connection point of the drains of the &st 
active element Qnl and the third active element Qn3 is connected to the first 
power supply via the prescribed bias and impedance part Zdnl of drain side, and 
the connection point of the drains of the second active element Qn2 and the fourth 

10 active element Qn4 is connected to the second power supply via the prescribed 
bias and impedance part Zdn2 of drain side. According to Hg. 4, the connection 
point of the drains of the first active element Qpl and the third active element Qp3 
is connected to the first power supply via the prescribed bias and impedance part 
Zdpl of drain side, and the connection point of tiie drains of the second active 

15 element Qp2 and the fourth active element Qp4 is connected to the second power 
supply via the prescribed bias and impedance part Zdn2 of draia side. 

The first power supply is, for example, a + power supply in this 
embodiment and the whole part of this specification. According to the preferred 
embodiment of the present invention^, the -f power supply is a power supplying 

20 source which can be provide with the standardized positive voltage such as +3V, 
+5V, etc, The second power supply is, for example, a - power supply in this 
embodiment and the whole part of this specification. According to the preferred 
embodiment of the present invention, the - power supply is a power supplying 
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source which can be provide with the standardized negative voltage such as -3V, - 
5V, etc. In some case, it is possible that one of the first power supply and the 
second power isupply is earthed and the other is set to power supply or — power 
supply. This modification does hot interpret the idea of the present invention to be 
cut down. 

The second embodiment of the mixer circuit 

The main non-linearity of the whole circuit may be due to the non-linearity 
of the transconductance gm of the active elements for the embodiments shown in 
Figs. 3 and 4. 

If the input signal haying two jSrequency components fl and fZ is applied to 
a general nonlinear circuit, the frequency components of 2*fl, 2*f2, fl-fZ^ fl+fZ, 
3*fl, 3tf2, 2*fl-f2, 2*f2-fl, 2*fl+f2, 2*f2+fl, and etc. as well as the frequency of 
the inputted signal due to the non-linearity of the circuit itself 

The frequency components due to the non-linearity are generally eliminated 
by the filter centering around the desired frequency to obtain as the output. 

As for the application in which the input frequencies fl and f2 are nearly 
the same and the desired frequency of the output is set to baseband, the component 
of fl - f2 which is about the same as the baseband among the frequency 
components due to the non-linearity. These components show the phenomenon that 
the channels having a small frequency difference interfere with each other or 
distort the signal by interference between the signals within the signal band with 
each other. This fl — £2 component is called as second order intennodulation 
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distortion (IMD2)* The linearity of the circuit can be expressed by the relation 
between the quantity of IMD2 and the amplified quantity of input frequency. This 
value indicating the linearity of the circuit is called second order intercept point 
(IP2). 

In Figs. 3 and 4, the drain current of the active element can be expressed as 
having the relation with the voltage between gate and source Vgs and the 
transconductance gm shown in equation 1. 

[Equation 1] 



m ..A I 



10 In equation 1, the coefficient of the square of the voltage between gate and 

source Vgs^, i. e. the first differential equation gm' of gm to the voltage between 
gate and source of the active element is known as to have a great effect to the 
second order intermodulation distortion (IMD2) and the second order intercept 
point (IP2). 

15 Fig. 5 is a graph illustrating the drain current los> transconductance gm, and 

first differential equation gm' of the transconductance to the voltage Vgs between 
gate and source. Fig. 5 shows the graph for the P-type and N-type MOSFET, 
however, nearly the same graphs can be obtained by any of the active elernents 
having similar characteristics of the drain current to the voltage between gate and 

20 source. 

As it is known from Fig. 5, active elements complementaiy to each other 
have the characteristic that the drain currents Idsj transcohductarices gm, and first 
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differential equations gm' of the transconductances to the voltages Vgs between 
gate and source are substantially symmetrical. In addition, the jBrst differeiitial 
equations gm' of the transconductances to tiie voltages Vgs between gate and 
source of N-type MOSFET has a maximum value in the region where the voltage 
5 between gate and source is a prescribed positive value Vqsn^ and the first 
differential equations gm* of the transconductances to the voltages Vgs between 
gate and source of P-type MOSFET has a minimxmi value in the region wheire Ihe 
voltage between gate and source is a prescribed negative value Vqsn. According to 
the actual embodiment of the present invention, the voltage Vqsn - Vxh in which 
10 the threshold voltage Vth is subtracted from the voltage Vgs between gate and 
source in which the first differential equations gm' of the transconductances to the 
voltages Vgs between gate and source of N-type MOSFET has a maximum value 
is about 03 V, and the voltage Vqsp - Vth h^ which the threshold voltage V-m is 
subtracted from the voltage Vgs between gate and source in which -the first 
15 differential equations gm' of the transconductances to the voltages Vgs between 
gate and source of P-type MOSFET has a minimum *value is about -0.2 V. As 
shown in the above, the N-type MOSFET and the P-type MOSFET may show the 
difference in characteristics. 

It is preferable that the active elements are operating in the range that the 
20 voltage Vgs - Vth in which the threshold voltage is subtracted from the voltage 
between gate and source is, for example, in 0.2 V 0.3 V to obtain a sufficient RF 
gain which is substantially equal to that which can be obtained in the saturated 
region while the small amoxmt of DC power is consumed. However, as described 
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in tile above, the first differential equations gm* of the transconductances has a 
maximurii or mimmvm value. That is, in tihe operating region in which the 
sufficient RP gain is obtained while the small amount of DC power is consumed 
for the active element, the first differential equations gm* of the transconductances 
5 unfortunately has a maximum or minimum value, thereby the non-linearity is 
maximized. 

Therefore, it is possible to accord the regions in which the first differential 
equations gm' of the transconductances of the first type active element and the 
second type active element which are complementary to each other have the 
10 maximum and minimum values by connecting the drains of the first type active 
element and the second type active element, pertinently establishing the bias 
voltage between gate and source, and applying the same input signal to Ihe gates. 
According to the preferred embodiment of the present invention, it is possible to 
accord the regions in which the first differential equations gm' of the 
15 transconductances of the two active elements have the maximum and minimum 
values by establishing the bias voltage between gate and source of the first type 
active element to the region Vqsn where the first differential equations gm' of the 
transconductance have the maximum value and establishing the bias voltage 
between gate and source of the second type active element to the regioii Vqsp 
20 where the first differential equations gm' of the transconductance have the 
minimum valuie. By doing this, it is possible to offset liie values of the first 
differential equations gm'of two active elements having the maximum or the 
minimum value. Fig. 6 shows the circuit composed as the drains of N-type 
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MOSFET and P-type MOSFET are connected to each oflier and to be biased in the 
region in which the having the maximum or the minimum value, and the graph 
illustrating the values of the first differential equations of transconductances of two 
elements of the same circuit. 

That is, in case that the first type active element Qn is biased by the 
prescribed Ihe voltage between gate and soxirce, it is offset the value of the first 
differential equation gm'of the first type active element Qn having the maximum 
value using the first differential equation gm*of the second type active element Qp 
by biasing the opposite yoltage of the voltage between gate and source of the first 
type active element to between gate and source of the second type active element 

Qp. 

Fig. 7 is a circuit diagram showing a mixer circuit whose linearity is 
improved using the active elements which are complementary to each other 
according to the preferred embodiment of the present invention. 

As shown in Fig. 7, the amplifying circuit whose linearity is improved using 
the active elements which are complementary to each other according to the 
present invention comprises the first mixer circuit part implemented by the first 
type active element, and the second mixer circuit part implemented by the second 
type active element complementary to the first type. 

The complementary elements of the first and the second types have the 
gates Ng, Pg, sources Ns, Ps, and drains Nd, Pd, respectively. The amount and 
direction of the current from the source to the drain of the first type 
complementary element is determined according to the voltage applied to the gate. 
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The amount and direction of the current from the source to the drain of the second 
type complementary element is detemiined according to the voltage appKed to the 
gate, however, it is determined complementarily to the first type complementary 
element, 

5 That is, in case that the amount and direction of the current firom the drain 

to the source of the first type complementary element changes proportional to the 
voltage between gate and source, the amount and direction of the current from the 
source to the drain of the second type complementary elisment changes 
proportional to the voltage between source and gate. In addition, the bias and 

10 impedance circuits of the first type mixer circuit and the second type mixer circuit 
determines the operating point of the first active element and the second active 
element for only the first type active element is to be substantially activated or for 
only the second type active element is to be substantially activated according to the 
polarity of the input signal. In the following description, it is assumed that the first 

15 type complementary element is N-type MOSFET, and the second type 
complementary element is P-type MOSFET, but the idea of the present invention is 
not confined thereto as apparent to those skilled in the art.. 

As shown in Fig. 5, the first type mixer circuit has the same structure as the 
mixer circuit using N-type MOSFET as described above with reference to Fig. 3. 

2b In addition, the second type mixer circuit has the same stracture as the mixer 
circuit using P-type MOSFET as described above with reference to Fig. 4. 

The first type mixer circuit comprises the first mixer circuit including the 
first active element Qnl 1 and the second active element Qnl2 of the first type, and 
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the second mixer circuit including tiie third active elenaent Qn21 and the fourth 
active element Qn22. The second type mixer circuit comprises the first mixer 
circuit including the first active element Qpll and the second active element Qpl2 
of the second type, and the second mixer circuit including the third active element 
5 Qp21 and the fourth active element Qp22. 

The first mixer circuit and the second mixer circuit have constitutions of 
source-coupled pair for the first and second type mixer circuit parts. That is, for the 
first type mixer circiiit part, the sources of the first active elements Qnli and the 
second active element Qnl2 of tiie first mixer circuit are conjiected to each other 
10 and connected to the second power supply via the prescribed bias and impedance 
Zsnl of source side, and the sources of the third active elements Qn21 and the 
fourth active element Qn22 of the second mixer circuit are connected to each other 
and connected to the second power supply via the prescribed bias and impedance 
Zsn2 of source side. According to the preferred embodiment of the present 
15 invention, they may be earthed instead of connecting to the second power supply. 

On the other hand^ for the second type mixer circuit part, the sources of the 
first active elements Qpll and the second active element Qpl2 of the first mixer 
circuit are connected to each other and connected to the first power supply via the 
prescribed bias and impedance Zspl of source side, and the sources of the third 
20 active elements Qp21 and the fourth active element Qp22 of liie second mixer 
circuit are connected to each other and connected to the second power supply via 
the prescribed bias and impedance Zsp2 of source side. 

Gates of the first active element Qnl 1 of the first type mixer circuit part and 
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the first active element Qpl 1 of the second type mixer circuit part are connected to 
the first radio firequency input terminal RF-. Gates of the fourth active element 
Qn22 of the first type mixer circuit part and the fourth active element Qp22 of the 
second type mixer circuit part are connected to the second radio firequency input 
5 terminal RF+. The first power supply is applied to the gates of the first active 
element and the fourth active element to rnaintaaii driving bias voltage via biases 
and impedances Zgnl, Zgn2, Zgpl, and Zgp2 of gate sides respectively. 

For the embodiment shown in Fig. 7, the first power supply is applied to the 
gates of the first to the fourth active elements of the first type mixer circuit part 

10 and the second ^e mixer circuit part to maintain driving bias voltage via biases 
and impedances Zgnl, Zgn2, Zgn3, Zgn4, Zgpl, Zgp2, Zgp3, and Zgp4 of gate 
sides respectively. The driving bias voltage is appropriately set according to the 
types of the first active element through the fourth active element, i. e. the type of 
which the first or the second. For example, if the active elements forming the fibrst 

15 type mixer circuit part of Fig. 3 were N-type MOSFETs, the N-type bias voltage as 
described with reference to Fig. 3 is maintained, and if the active elements forming 
the second type mixer circuit part were P-type MOSFETs, the P-type bias voltage 
as described with reference to Fig. 4 is maintained. According to the preferred 
embodiment of the present invention, it is possible to accord the regions in which 
20 the first differential equations gm' of the transconductances of the two active 
elements have the maximum and minimum values by establishing the bias voltage 
between gate and source of the N-type MOSFET to the region Vqsn where the first 
differential equations gm' of the transconductance have the maximiun value and 
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establishing the bias voltage between gate and source of the P-type MOSFET to 
the region Vqsp where the first differential equations gm' of the transconductance 
have the minimum value. By doing this, it is possible to offset the values of the 
first differential equations gm'of two active elements having the maximum or the 
5 minimum value. 

It is preferable that the radio frequency signals having reverse phases are 
applied to the first radio frequency input terminal RF- and the second radio 
frequency input teiminal RF+ for the embodiment shown in Fig. 7 to act as the 
mixer circuit. The radio frequency signals inputted to the first radio frequency 

10 input terminal RF- and the second radio frequency input terminal RF-f are the 
signals in which the information signals are modified by the carrier wave having 
prescribed radio frequency. In this specification, the radio frequency of the carrier 
wave to modify the information signals are set to (i) Rp. 

Gates of the second active element Qnl2 and the third element Qn21 of the 

15 first type mixer circuit part are connected to each other and connected to the LQ 
frequency input terminal LO. Gates of the second active element Qpl2 and the 
third element Qp21 of the second type mixer circuit part are also connected to each 
other and connected to the LO frequency input terminal LO. The first power 
supply is applied to the gates of the second active eflement Qnl2 and the third 

20 element Qn21 of the first type mixer circuit part and gates of the second active 
element Qpl2 and the third element Qp21 of the second type mixer circuit part to 
mamtain driving bias voltage via bias and impedance Zgn3 and Zgp3 of gate side, 
respectively. 
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It is preferable that the frequency O) lo of the signal inputted to the LO 
frequency input terminal LO is a half of the carrier wave frequency CD rf for the 
embodiment shown in Fig. 7 to operate as a mixer circuit. 

It is described that the radio frequency signals RF+ and RF- having reverse 

5 phases and carrier wave frequency O) rf are applied to the gates of the first and the 
fourth active elements, and LO signal is applied to the gates of the second and the 
third active elements. However, according to another embodiment of the present 
invention^ it is possible that LO signal is applied to the gates of the first and the 
fourth active elements, and LO signal is applied to the gates of the second and the 

10 third active elements. This type of embodiment is advantageous in the case tha:t the 
radio frequency signals RF+ and RF- having reverse phases are hardly obtained 
from the signals having carrier wave frequency O) rf. The concept of the present 
invention is still applicable to the latter embodiment. 

The source voltage Vsn and the body voltage Vbn are applied to the source 

15 terminals and body termiaals of each active element. According to the preferred 
embodiment of the present invention, a bias part, which is connected to the power 
supply, is connected between the soiurce terminal and the body terminal of each 
active element Qn, Therefore, the source voltage Vsn and the body voltage Vbn 
are regulated from the power supply through the bias part. In this specification, the 

20 bias part connected between the power supply, the source terminal and the body 
terminal is called as operating point bias part. 

The output terminals of the first mixer and the second mixer are crosis- 
connected to each other for the first mixer circuit part and the second mixer circuit 
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part. That is, the drains of the iSrst active element and the third active element are 
coimected to each other and coimected to the first output terminal EF-. The drains 
of the second active element and the fourth active element are connected to each 
other and connected to the second output terminal IF+. The final output may be 
5 obtained by differentiating the signals of the first output terminal IF- and the 
second output temunal IF+. 

La addition, the drains of the corresponding active elements of the first 
mixer circuit part and the second mixer circuit part are cross-connected. That is, 
the drains of the first active elements through the fourth active elements of the first 

10 mixer circuit part are connected respectively to the drains of the first active 
elements through the fourth active elements of the second mixer circuit part. 
Therefore, each of the complementary active element pairs constitutes the 
complenientary pair shown in Fig. 6. 

The connection point of the drains of the first active element and the fliird 

15 active element is coimected to the first power supply via the prescribed bias and 
impedance parts Zdnl and Zdpl of drain side for the first mixer circuit part and the 
second mixer circuit part. The connection point of the drains of the second active 
element and the fourth active element is connected to the second power supply via 
the prescribed bias and impedance parts Zdn2 and Zdp2 of drain side. In this 

20 specification, the bias part connected between the drain and the output terminal as 
output, side bias part. 

The radio frequency signals RF- and RF+ having reverse phases are 
inputted to the gates of the first mixer circuit and the second mixer circuit of the 



wo 02/075917 PCT/KR02/0026? 

first mixer circuit part and the second mixer circuit part. The same LO signal LO is 
inputted to the other gates of the first mixer circuit and the second mixer circuit. It 
is preferable that the frequency co lo of the signal inputted to the LO frequency 
input terminal LO is substantially a half of the carrier wave frequency rf- Then, 

5 the output of the whole circuit, that is, the differential signal of the first output 
terminal IF- and the second output terminal IF+ has the form of pulse stream 
having narrow width. Then, the width of the pulse stream is proportional to the 
amplitude of the RF signal. 

According to the circuit shown in Fig. 7, the output signal of the whole 

10 circuit has a form of pulse width modulation signal modified to be the width 
proportional to the amplitude of the RF signal. Therefore, the output signals does 
not comprise the imdesired LO signal component substantially but the desired 
baseband signal included in the frequency signal modified by the carrier wave 
signal having frequency of co rf. It does mean that DC offset is improved. 

15 Moreover, in the case that the first mixer circuit and the second ndxer circuit have 
substantially the same scale and structure, the LO signal component is scarcely 
leaked at the first radio frequency input terminal RF- and the second radio 
frequency input terminal RF+. These results are the same as those obtainaible from 
the embodiment relevant to Figs. 3 and 4 described above. 

20 The circuit shown in Fig. 7, as described above, each of the complementary 

active element pairs constitutes the complementary pair shown in Fig. 6 by 
coimecting the drains of the first active elements through the fourth active 
elements of the first mixer circuit part respectively to the drains of the first active 
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elements through the fourth active elements of ihe second mixer circuit part. 
Therefore, it is possible to offset the value of the first differential equation gm'of 
the first type active elemeiit Qn having the maximum value using the first 
differential equation gm*of the second type active element Qp and vice versai 
5 among the non-linearities of all active elements as described with reference to Fig. 
6. 

This means that IMD2 of the circuit shown in Fig. 7 is improved. Therefore, 
the circuit shown in Fig. 7 has advantages that the even order function non- 
linearity is considerably improved. 

10 

The third embodiment of the mixer circuit 

Fig. 8 is a circuit diagram illustrating the &st embodiment of the mixer 
circuit in which the DC offset is cut off according to the present invention. 

The mixer circuit acgording to the present invention comprises a separator 
15 801 separating the radio frequency input signal RF to the first signal and the 
second signal haying the same phases, a local oscillator 803 generatitig local 
frequency signal LO, phase transformer 805 phase-transforming the local 
frequency signal LO to substantially 180 degree, a first mixer 807 mixing the first 
signal and the local frequency signal LO whose phase is transformed to 180 degree, 
20 a second mixer 809 inixing the second signal and the local frequency signal LO, 
and a subtractor 811 subtracting the output signal of the second mixer 809 from the 
output signal of the first mixer 807. 

Fig. 9 is to explain the operation of the circuit shown in Fig. 8. As shown in 
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Fig- 9, the case that the radio frequency input signal RF is inputted to the input 
terminal of the mixer circuit shown in Fig. 8 is described as an example. Li this 
example, the radio frequency input signal RF is a sine wave 901 whose frequency 
is Wr, and the local frequency signal LO is a sine wave whose frequency is Wo. 
5 The sine wave 901 applied to the input terminal and the local frequency signal LO 
generated from the local oscillator 803 are expressed as the equation 2 arid 
equation 3, respectively. ^ 
[Equation 2] 

10 [Equation 3] 

The sine wave 901 and the signal in which the local frequency signal LO is 
phase-transformed to about 180 degree are inputted to the first mixer 807. The sine 
wave 901 and the local frequency signal LO are inputted to the second mixer 809. 

15 The operation generated in the first mixer 807 and the second mixer 809 can be 
approximated that the signal having both of the sine wave 901 component and the 
local frequency signal LO component is inputted and passes the transmission 
ftmction, for example, equation 6, of the non-lihear ftmction such as square 
ftiriction. 

20 [Equation 4] 
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[Equations] 
[Equation 6] 

5 Equation 7 and equation 8 are the expressions of the signals, indicated by 

each of the equation 4 and the equation 5, passed the transmission function of non- 
linear function approximated by tiie equation 6, respectively. 
[Equation 7] 

Id [Equations] 



It is preferable that the operation generated in the first mixer 807 and the 
second mixer 809 is approximated to further comprise the low pass filter operation 
on the signal passed through the transmission fimction of non-linear fimction 
15 expressed as equation 6. Equation 9 and equation 10 are the approximations of the 
signals expressed by the equation 7 and equation 8 afl:er passing the low pass filter 
operation- 

[Equation 9] 



20 [Equation 10] 
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That is, the equation 9 and the equation 10 are the approximations of the 
output signals 907 and 909 of the first mixer 807 and the second mixer 809, 
respectively. As it is known from the equation 9 and the equation 10, the output 
signals 907 and 909 of the first mixer 807 and the second mixer 909 have both of 
5 DC component and the signal having the frequency Wr — Wo of the difference 
between the radio frequency of the input signal Wr and the local frequency Wo, i.e. 
Cos(Wr - Wo). The DC components have the same phases, and the signals having 
the frequency Wr - Wo of the difference between tiie radio frequency of the input 
signal Wr and the local frequency Wo have the phases different by 180 degree 
10 from each other in the output signal 907 and 909 of the first mixer 807 and the 
second mixer 809. 

The subtractor 811 subtracts the output signal 909 of the second mixer 809 
from the output signal 907 of the first mixer 807. Equation 11 is an approximation 
of the signal in which the output signal 909 of the second mixer 809 approximated 
15 by the equation 10 is subtracted from the output signal 907 of the first mixer 807 
approximated by the equation 9. 

[Equation 11] 

As it is known from the final output signal 91 1 of Fig. 9, the signal in which 
20 the output signal 909 of the second mixer 809 is subtracted from the output signal 
907 of the first mixer 807 comprises little DC component. Therefore, various 
shortcomings due to DC offset voltage can be suppressed. 
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The fourth embodiment of the mixer circuit 

Fig. 10 is a circuit diagram illustrating the second embodiment of the mixer 
circuit in which the DC offset is cut off according to the present invention. 

The; secpnd embodiment of the mixer circuit according to the present 
invention comprises a separator 1001 separating the radio jfrequency input signal 
RF to the first signal and the second signal having the phases different by about 
180 degrees from each other, a local oscillator 1003 generating local frequency 
signal LO, a first mixer 1007 mixing the first signal and the local frequency signal 
LO, a second mixer 1009 miTong the second signal and the local frequency signal 
LO, aad a subtracter 1011 subtracting the output signal of the second mixer 1009 
from the output signal of the first mixer 1007. 

The case that the radio frequency input signal RF is inputted to the input 
terminal of the mixer circuit shown in Fig. 10 is described as an example with 
reference to Fig. 9 which is to explain the operation of the circuit according to the 
present invention as described above. In this example, similar to those described 
above, the radio frequency input signal RF is a sine wave whose frequency is Wr, 
and the local frequency signal LO is a sine wave whose frequency is Wo. The sine 
wave applied to the input terminal and the local frequency signal LO generated 
from the local oscillator 1003 are expressed as the equation 2 and equation 3 as 
described above, respectively. 

The radio frequency input signal RF and the local frequency signal LO are 
inputted to the first mixer 1007. The signal in which the radio frequency input 
signal RF is phase-transformed to about 180 degrees and the local frequency signal 
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LO are inputted to the second mixer 1009, It is possible that the signal in which the 
radio frequency input signal RF is phase-transformed to about 180 degrees is 
inputted to the first mixer 1007, and the radio frequency input signal RF is inputted 
to the second mixer 1007, since the signals inputted to the first mixer 1007 and the 
5 second mixer 1009 are required to only have 180 degrees phase difference. 

The operation generated in the first inixer 807 and the second mixer 809 can 
be approximated that the signal having both of the radio frequency input signal RF 
and the local frequency signal LO component as in equation 12 and equation 13 is 
inputted and passes the transmission ftmction, for example, equation 6 as described 
10 above, of the non-linear fimction such as square function. 
[Equation 12] 

[Equation 13] 

15 The signals of the equation 4 and the equation 5 passed the transmission 

ftmction of non-linear ftmction approximated by the equation 6 are expressed as 
the equation 7 and equation 8 as described above. 

It is preferable that the operation generated in the first mixer 807 and the 
second mixer 809 is approximated to ftirther comprise the low pass filter operation 

20 on the signal passed through the transmission function of non-linear fimction 
expressed as equation 6. Equation 9 and equation 10 are the approximations of the 
signals expressed by the equation 7 and equation 8 after passing the low pass filter 
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operation. 

That is, the equation 9 and the equation 10 are the approximations of the 
output signals 907 and 909 of the first mixer 807 and the second mixer 809, 
respectively. As it is known frpm the equation 9 and the equation 10, the output 
5 signals 907 and 909 of the first mixer 807 and the second mixer 909 have both of 
DC component and the signal having the firequency Wr - Wo of the difference 
between the radio firequency of the input signal Wr and the local frequency Wo, i.e. 
Cos(Wr — Wo). The DC components have the same phases, and the signals having 
the frequency Wr — Wo of the difference between the radio frequency of the input 
10 signal Wr and the local frequency Wo have the phases different by 180 degree 
frpm each other in the output signal 907 and 909 of the first mixer 807 and the 
second mixer 809. 

The subtractor 811 subtracts the output signal 909 of the second mixer 809 
. from the output signal 907 of the first mixer 807. Equation 1 1 is an approximation 
15 of the signal in which the output signal 909 of the second mixer 809 approximated 
by the equation 10 is subtracted from the output signal 907 of the first mixer 807 
approximated by the equation 9. 

The second embodiment of the mixer circuit in which DC oflFset is cut off 
according to the present invention also has all advantages of the first embodiment 
20 described above. 

Fifth embodiment of the mixer circuit 

According to another embodiment of the present invention, the mixer circuit 
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according to the present invention may be designed to output differential signals as 
a whole. Fig. 16 is an embodiment of the mixCT circuit in which the first 
embodiment of the present invention designed to output differential signals. In 
addition. Fig. 17 is an embodiment of the mixer circuit in which the second 
5 embodiment of the present invention designed to output differential signals. 
According to the embodiment shown in Fig. 16, the first mixer 807 and the second 
mixer 809 can be implemented as differential circuits. In this case, the first mixer 
807 and the second mixer 809 output two output signals whose polarity are 
opposite to each other, i.e. a positive signal and a negative signal. Additionally, the 

10 embodiment further comprises a first subtractor 1611 subtracting the positive 
output signals of the first mixer 807 and the second mixer 809, and a secotid 
subtractor 1612 subtracting the negative output signals of the first mixer 807 and 
the second mixer 809. According to the embodiment shown in Fig. 17, the first 
mixer 1007 and the second mixer 1009 can be implemented as differential circuits. 

15 In addition, the embodiment further coniprises a first subtractor 1711 subtracting 
the positive output signals of the first mixer 1007 and the second mixer 1009, and 
a second subtractor 1712 subtracting the negative output signals of the first mixer 
1007 and the second mixer 1009. Thus, the extra advantage in which the common 
mode noise are cut off is obtained. 

20 

Measurement and compensation of the phase and the gain mismatching 

Now, the circuit having means for measuring and compensating the phase 
and the gain mismatching of the mixer circuit in which DC offset is cut off 
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according to the present inventionw The method for measuring and compensating 
the phase and the gain mismatching which will be described in the following is 
applicable to both of the first and the second embodiments of the mixer circuit in 
which DC offset is cut off according to the present invention. The following 
5 description will be concentrated to the first embodiment for an example, however, 
the idea of the present invention which will be described in : the following is not 
confined to the first embodiment and applicable to the similar circuits as well as 
the second embodiment. 

Fig. 11 is a block diagram illustrating another embodiment of the mixer 

10 circuit according to the present invention. The circuit shown in Fig. 1 1 has a means 
for measuring and compensating the phase mismatching in the case that the phase 
difference between the local firequency signal LO and the signal in which the local 
frequency signal is 180 degrees phase-transformed is different from 180 degrees 
and the gain mismatching in the case that the gains of first mixer 807 and the 

15 second mixer circuit are different. The circuit drawn in Fig. 12 has a means for 
measuring and compensating the phase mismatching and the gadn mismatching for 
the second embodiment shown in Fig. 10. Now, it is described laying stress on the 
first embodiment. 

As shown in Fig. 1 1, another embodiment of the mixer circuit according to 
20 the present invention comprises a phase compensating means and a gain 
compensating means besides the constitutions of the embodiment shown in Fig. 8. 

The phase compensating means includes a i5rst phase compensating meaas 
1101 for compensating the phase of the signal in which the local frequency signal 
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LO is phase-transformed by the phase transformer 805, and a second phase 

compensating means 1103 for compensating tiie phase of the signal before the 

local frequency signal LO is inputted to the second mixer 809, In addition, 

according to Fig. 12, the first phase compensating means and the second phase 
5 compensating means for compensating the phase of the local frequency signal LO 

and inputting to the first mixer 1007 and the second mixer 1009, respectively for 

the second embodiment 

The phase compensatitiLg means has an input terminal for control voltage 

and preferably is the element whose phase transformation value is changed 
10 according to the amount of the control voltage inputted to the input terminal for 

control voltage. For example, voltage control variable capacitor, i.e. varactor may 

be used as an example of the phase con^ensating means. 

. The gain compensating means comprises a first gain compensating means 

1105 and a second gain compensating means 1107 for compensating gains of 
15 outputs of the first mixer 807 and 1007 and the second naixer 809 and 1009, 

respectively. 

Voltage control variable gain passive or active elements may be used as gain 
compensating means. 

The phase mismatching can be compensated by applying a reference 
20 voltage Vref_l to one phase compensation means, for example, the second phase 
compensation means, and varying the voltage applied to the other phase 
compensation means, for example, the first phase compensation means to obtain 
the applied voltage value compensating the phase mismatching. The gain 
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mismatching can be compensated by applying a reference voltage Vref_2 to one 
gain compensation means, for example, the second gain compensation means, and 
varying the voltage applied to the other gain compensation means, for example, the 
first gain compensation means to obtain the applied voltage value compensating 
5 the phase mismatching. ^ 

Fig. 13 shows another embodiment of the mixer circuit having means for 
phase compensation and gain compensation according to the present invention. 
The embodiment shown in Fig. 13 has an additional circuit to perform the phase 
and gain compensation operation as shown in Fig. 11. The circuit shown in iFig. 13 
10 is applicable to the second embodiment of the mixer circuit shown in Figs. 10 and 
12 according to the present invention. 

The embodiment shown in Fig. 13 further comprises a power detector 1301, 

and a switch 1301 for coimecting the radio frequency input signal RF inputted to 

/ ■ • . " 

the input temoinal or switching it to the power detector 1301 as well as the 

15 embodiment shown in Fig. IL 

The circuit shown in Fig. 13 is preferably implemented as a form of 
integrated circuit (IC). The following mismatching measixrement and 
compensation operation is performed when the power is first applied to the circuit 
or the IC comprising the same circuit. Then, the parameters determined by the 

20 mismatching measurement and compensation operation, etc. are recorded on the; 
memory device prepared for the circuit or the IC, for example, flash ROM. The 
circuit or the IC operate according to the parameter recorded on the memory 
device. Therefore, it is preferable that the circuit or IC shown in Fig. 13 further 
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comprises a detector for detecting whether the power is appUed first, and the 
memory device to record flie parameters for compensating flie mismatching. . 

Now, the measurement and compensation operations of the embodiment 
shown in Fig. 13 are described in detail. 
5 If the power is applied first to the circuit shown in Fig. 13, the detector for 

detecting whether the power is applied first detects it, aad the switch 1301 
switches the input terminal inputted to the separator 801 to the power detector 
1303. According to another embodiment of the present invention, the detector for 
detecting whether the power is applied first is not sepiarately prepared, and the 

10 switch 1301 is set to connect the input temainal of the separator 801 to the power 
detector 1303 firom the beginning. 

The local oscillator generates a prescribed local firequeney signal LO. The 
local frequency signal LO is outputted through the subtractpr 811 via the first 
signal path passing the phase transformer 805, tiie first phase compensation means 

15 1001, the first naixer 807, and the fiLrst gain compensation means 1105 he second 
signal patii passing the second phase compensation means 1103, the second mixer 
809, and the second gain compensation means 1107. Here, a prescribed power is 
detected at the power detector 1303 if there is phase mismatching or gain 
mismatching. 

20 A prescribed reference voltage Vref_l is applied to the control voltage input 

termiaal to make the prescribed phase change on the signal on the second signal 
path for phase mismatching compensation. At the same time, the control voltage 
applied to the control voltage input terminal of the first phase compensation means 
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1 101 is gradually varied to determine the control voltage in which the substantially 
zero (0) power is detected at the power detector 1303. In this specification,, the 
control voltage of the first phase compensation means 1101 determined as 
described above is called a control voltage for phase compensation. 
5 A prescribed reference voltage Vref_2 is applied to the control voltage input 

terminal of the second gain compensation means 1107 to make the prescribed gain 
change on the signal on the second signal, path for phase mismatching 
compensation. At the same time, the control voltage apphed to the control voltage 
input terminal of the first gain compensation means 1105 is gradually varied to 

10 determine the control voltage ia which the substantially zero (0) power is detected 
at the power detector 1303. As the method for gradually varying the control 
voltage, the traditional method of increasing or decreasing the control voltage 
discretely in the variable range of the control voltage. 

In this specification, the control voltage of the first gain coinpensatipn 

15 means 1105 determined as described above is called a control voltage for gain 
compensation. 

The control voltage value for phase compensation and the control voltage 
value for gain corripensation determined as described above are recorded to the 
memory device. The voltage values recorded to the memory device are read and 
20 applied to the control voltage input terminals of the first phase compensation 
means 1101 and the second gain compensation means 1105 as the parameters for 
circuit operation whenever the circuit operates. 

Then, the switch 1301 switches the input terminal of the separator 1301 to 
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the input tenmnd of tiie whole circuit 

After determiiiiiig the determined control voltages for phase and gain 
compensation, the whole circuit operates according to the determined control 
voltages for phase and gain conxpensatibn. Though the power is supplied again, the 
5 measurement and compensation operations for the gain and phase mismatching are 
not performed any more by the switch 1301 which does not perform the switching 
operation and connects the input terminal of the whole circuit to the separator 801. 

For this, an embodiment of the present invention may comprise a means for 
detecting the determination of the control voltage for phase and gain compensation 

10 and stopping the operation of the detector for detecting whether the power is 
applied first in response to detecting the deteraiination of the control voltage. 
According to another embodiment of the present invention, a means for detecting 
the recordiug of the control voltage for phase and gain compensation to the 
recording medium and stopping the operation of Ihe detector for detecting whether 

15 the power is applied first in response to detecting the recording of the control 
voltage may be included. 

In the above described embodiment, the control voltage apphed to the 
control voltage input terminal of the first gain compensation means 1105 or of the 
first phase compensation means 1101 is gradually varied to determine the control 

20 voltage in which the substantially zero (0) power is detected at the power detector 
1303. According to another embodiment of the present invention, the control 
voltage for phase and gain compensation based on the detected power values 
detected on the power detector according to the input of tiie limited nxraibers of 
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control voltages without varying gradually the control voltage. 

Fig. 14 is a graph showing an example of the change of the detected power 
Vd according to the phase mismatching A , gain mismatching A G, or control 
voltage Vc. The graph of Fig. 14 is approximated based on the characteristics of 
5 the elements forming the whole circuit. For example, the change of the detected 
power Vd can be approximated to the second order fimction ^of equation 14 if tiie 
MOS elements are used. 

[Equation 14] 

10 . Therefore, three coefficients a, b and c are calculated by applying the 
control voltages corresponding to three points A, B and C and detecting the power 
detected on the power detector 1103 as shown in Fig. 14. In this case, the control 
voltage in which the detected power of the power detector 1103 has its minimum 
value can be determined as equation 15. 

15 [Equation 15] 

■' ■ ^ - ■ ■ 2a 

According to another embodiment of the present invention, the output 
voltage or power can be detected directly on the output terminal without the power 
detector 1103 on the input terminal. Fig. 15 shows an embodiment in which the 
20 mismatching is compensated by directly measuring the output voltage and power. 
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Implementation example 

Now, an implementation example is described. 

The separator has the function of separating the signal from the input 
terminal to two signal paths. For example, two lines connected in the form of Y 
5 character cay be used as the separator 80 1. Or, impedance matching circuit may be 
used in the separator. 

For the first inixer 807 and the second mixer 809, any circuit which can 
operate as a mixer can be user. 

A flip-flop circuit can be used as the phase transformer. The flip-flop circuit 
10 used in the present invention outputs the signal having the same phase as the input 
signal and the signal having the different phase of 1 80 degree from the input signal. 

Operational amp (OP Amp) element can be used as the subtractor 811. 
Especially, constituting the OP Amp to have negative feedback outputs the 
differential signal between two input signals of OP Amp. 
15 Fig. 18 shows an embodiment in which an IQ mixer circuit is made of the 

unit mixer of the mixer circuit of the present invention. The IQ inixer circuit 
shown in Fig. 18 comprises a same phase signal circuit part (shown in the lower 
part of Fig. 18) and a orthogonal phase signal circuit (shown in the upper part of 
Fig. 18) part both of which have the constitutions of the first embodiment or the 
20 second embodiment according to the present invention. The same phase signal 
circuit part has the constitutions of the mixer circuit according to the present 
invention and includes a first mixer 1801 and a second mixer 1803. In addition, the 
orthogonal phase signal circuit part has the constitutions of the mixer circuit 
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according to the present invention and includes a third mixer 1805 and a fourth 
mixer 1807. The local frequency signal and the signal in which the local frequency 
signal is phase transformed by 90 degrees are applied to the same phase signal 
circuit part and the orthogonal phase signal circuit part, respectively. The mixer 
5 circuit according to the present invention can be widely utilized as a unit mixer 
which compensates the shortcomings of the directly transform mixer circuit. 

Fig. 19 shows the embodiment of the IQ mixer circuit made of the 
embodiment having differential output as a unit mixer among the mixer circuits 
according to the present invention. Especially, the circuit shown in Fig. 19 uses a 

10 differential amplifier 1901 for the circuit shown in Fig. 18, Moreover, the same 
phase signal circuit part, for example, uses two subtractors 1903 and 1905 having 
differential inputs to output differential output to control the common mode noise. 
[Industrial applicability] 

According to the present invention, only the desired baseband signals which 

15 is included in the frequency signals modified by the carrier signal, and the LO 
signal component which is not desired is scarcely included in the output signal for 
the mixing circuit mixing the radio frequency signal modified by the carrier wave 
of radio frequency and LO frequency signal. That is, DG offset problem is 
considerably reformed. 

20 Moreover, LO signal component is hardly leaked to the radio frequency 

input terminal by using the circuits having excellent symmetric characteristic such 
as MOSFET. 

It is possible to offset for the first differential fimction value gm' of the 
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transGonductance to have a maximum value among the non-linearities of the active 
element by using the active elements which are complementary with each other. 
This means that IMD2 is improved. Therefore, the even function non-linearity is 
considerably reformed according to the present invention. 

' 5 Moreover, according to the present invention, only the desired baseband 

signals which is included in the frequency signals modified by the carrier signal, 
and the LO signal component which is not desired is scarcely included in the 
output signal for the mixing circuit mixing the radio frequency signal modified by 
the carrier wave of radio frequency and LO frequency signal. That is, even order 

10 noise is removed, and DC offset problem is considerably reforriied. In addition, it 
is suppressed for the local frequency signal to leak to the input terminal. 

The ability to decreasing DC offset is more elevated by equipped with the 
mismatching measuring and compensation means for reducing the DC offeet or LO 
component due to the phase mismatching and the gain mismatchiug of the circuit 

15 according to the present invention. The common mode noise can be suppressed by 
constituting the mixer to the structure which is able to output the differential 
outputs and providing two subtractors. 
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[Claims] 

1. A rriixer circuit comprising: 

a first circuit including a first active element and a second element; and 
a second circuit including a third active element and a fourth element; aad 
5 wherein 

each of the first through the fourth active; elements has a first terminal, a 
second terminal, and a third terminal; 

the amount and the direction of the current flowing firom the second 
terminal to the third terminal are changed based on the voltage applied between the 
10 first terminal and the second terniinal; 

the second terminals of the first active element and the second element are 
connected to each other and connected to a second power supply via a first bias 
and impedance part of the second terminal side, and the second terminals of the 
third active element and tiie fourth element are connected to each other and 
15 connected to a second power supply via a second bias aad impedance part of the 
second terminal side; 

the first terminals of the first active element and the fourth element are 
connected to the first input terminal and the second input terminal, respectively, 
and the first terminals of the second active element and the third element are 
20 connected to each other and connected to the third input terminal; 

the first input terminals of the first through fourth active elements are 
connected to a first voltage via the first bias and impedance parts, respectively, to 
maintain a prescribed operational bias voltage; and 
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the connection point of the third terminal of the first active element and the 
third element is connected to a first power supply via a first output terminal ond a 
bias and impedance part of the first output side, and the connection point of the 
third terminal of the second active element and the fourth element is connected to a 
5 first power supply via a second output terminal and a bias and impedance part of 
the second output side. 

2. The mixer circuit of claim 1, wherein the signal modified by the carrier wave 
having a prescribed radio firequency is inputted to said first input terminal, the 
signal in which the signal inputted to said first input terminal is reversed is 

10 inputted to said second input terminal, and local oscillator signal is inputted to the 
third input terminal. 

3. The mixer circuit of claim 1, wherein local oscillator signal is inputted to said 
first input terminal, the signal in which the signal inputted to said first input 
terminal is reversed is inputted to said second input terminal, and the signal 

15 modified by the carrier wave having a prescribed radio firequency is inputted to the 
third input terminal. 

4. The mixer circuit of claim 1, wherein the first power supply is a voltage power 
supply supplying a prescribed positive voltage, and the second power supply is 
earthed. 

20 5. The mixer circuit of claim 1, wherein the first power supply is earthed, and the 
second power supply is a voltage power supply supplying a prescribed negative 
voltage. 

6. The mixer cirjcuit of qlaim 1, wherein the signal in which the information signal 
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is modified by the prescribed radio frequency carrier wave is inputted to said first 
radio frequency input terminal and said second radio frequency input terminal, and 
LO signal having frequency of a half of the frequency of said radio frequency 
carrier wave is inputted to said LO signal input tenninal. 
5 7. The mixer circuit of claim 1, wherein each of said first through fourth active 
elements further has a fourth terminal, and said fourth terminals are connected to 
said first power supply via a prescribed bias and impedance circuit to maintain a 
operational bias voltage. 

8. The mixer circuit of claim 1, wherein said first through fourth active elements 
10 are MOSFETSs, and said first terminal, second terminal, and third terminal are 

gate, source, and drain, respectively. 

9. The mixer circuit of claim 7, wherein said first ^ough fourth active elemente 
are MOSFETSs, and said first terminal, second terminal, third terminal and fourth 
terminal are gate, somrce, drain, and body terminal, respectively. 

15 10. A mixer circuit comprising: 

a first type circuit part comprising a first circuit including a first active 
element and a second element and a second circuit including a third active element 
and a fourth element, each of the first through the fourth active elements having a 
first terminal, a second terminal, and a third terminal, and the amount and the 
20 direction of the current flowing from the second, teiininal to the third terminal 
being changed based on the voltage applied between the first terminal and the 
second terminal; and 

a second type circuit part comprising a first circuit including a first active 
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element and a second element of a second type complementary to said first type 
and a second circuit including a third active element and a fourth element of a 
second type, and wherein 

the second terminals of the first active element and the second element of 
5 the first type are connected to each other and connected to a second power supply 
via a first bias and impedance part of the second terminal side of the first type, tihe 
second terminals of the third active element and the fourth element of the first type 
are coimected to each other and coimected to a second power supply via a second 
bias and impedance part of the second terminal side of the first type; the second 

10 terminals of the first active element and the second element of the second type are 
connected to each other and connected to a first power supply via a first bias and 
impedance part of the second terminal side of the second type, and the second 
terminals of the third active element and the fourth element of the second type are 
coimected to each other and connected to a second power supply via a second bias 

15 and impedance part ofthe second terminal side ofthe second type; 

the connection point of the first terminals of the first active elements of 
said first type and second type and the connection point of the first terminals of the 
fourth elements of said first type and second type are connected to the first radio 
frequency input terminal and the second radio frequency input terminal, 

20 respectively, and the first terminals of the second active element and the third 
element of said first type and said second type are connected to each other and 
connected to the local oscillator (LO) signal input terminal; 

the first terminals ofthe first active element through the fourth element of 
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said first type and second type are connected to the first voltage via a first bias and 
impedance part through a fourth bias and impedance part of first type first input 
terminal side and a first bias and impedance part through a fourth bias and 
impedance part of second type first input terminal side, respectively, to maintain a 
5 prescribed operational bias voltage; 

the connection point of the third terminals of the first active element and 
the third element of said first type and second type is connected to a first power 
supply via a first output terminal and a bias and impedance part of the first output 
side, and the connection point of the third terminals of the second active element 
10 and the fourth element of said first type and second type is connected to a first 
power supply via a second output terminal and a bias and impedance part of the 
second output side. 

11. The mixer circuit of claim 10, wherein the first power supply is a voltage 
power supply supplying a prescribed positive voltage, and the second power 

15 supply is earthed. 

12. The mixer circuit of claim 10, wherein the first power supply is earthed, and 
the second power supply is a voltage power supply supplying a prescribed negative 
voltage. 

13. The mixer circuit of claim 10, wherein the signal in which the information 
20 signal is modified by the prescribed radio firequency carrier wave is inputted to 

said first radio firequency input terminal and said second radio firequency input 
terminal, and LO signal hiaving firequency of a half of the firequency of said radio 
firequency carrier wave is inputted to said LO signal input terminal. 
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14. The mixer circuit of claim 10, wherein each of said first through fourth active 
elements of said first type and second type fiirther has a fourth terminal, and said 
fourth terminals are connected to said first power supply via a prescribed bias and 
impedance circuit to maintain a operational bias voltage. 
5 15! The mixer circuit of claim 10, wherein the first differential equation of the 
transconductance of the current flowing firom the third terminal to the second 
terminal for the voltage between the first terminal and the second tprminal of the 
first through fourth active elements of said first type has a maximimi value, the 
first differential equa-tion of the transconductance of the current flowing firom the 

10 third terminal to the second terminal for the voltage between the first terminal and 
the second terminal of the first through fourth active elements of said second type 
has a minimum valuer and said all of bias and impedance circuits make the 
maximum value region of the first through fourth active elements of said first type 
and the minimum value region of the first through fourth active elements of said 

15 second type offset each other. 

16. The mixer circuit of claim 10, wherein said first through fourth active elements 
of said first type and second type are MOSFETSs, and said first terminal, second 
terminal and third terminal are gate, source and drain, respectively. 

17. The mixer circuit of claim 16, wherein said first through fourfh active elements 
20 of said first type are N-type MOSFETSs, and said first through fourth active 

elements of said second type are P-type MOSFETSs. 

18. The mixer circuit of claim 14, wherein said first through fourth active elements 
are MOSFETSs, and said first terminal, second terminal, third terminal, and fourth 
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terminal are gate, source, drain, and body terminals, respectively. 
19. The mixer circuit of claim 18, wherein said first through fourth active elements 
of said first type are N-type MOSFETSs, and said first through fourth active 
elements of said second type are P-type MOSFETSs. 
5 20. The mixer circuit of claim 10, wherein the iBrst through fourth active elements 
of only one type out of said first and second lype are substantially activated. 

21. A mixer circuit comprising: 

a separator separating input signal from input terminal to a first signal and a 
second signal having about 180 degrees of phase difference from each other; 
10 a local osciUator generating local frequency signal; 

a first mixer mixiDg said first signal and said local frequency signal; 

a second mixer imxing said second signal and said local frequency signal; 

and 

a subtractor subtracting output signal of said second mixer from output 
15 signal of said first mixer. 

22. The mixer circuit of claim 21, further comprising: 

a first phase compensation means for applying the signal in which the phase 
of said local frequency sigiial LO is transformed by a prescribed phase value to 
one of said first mixer and second mixer; 
20 a second phase compensation means for applying the signal in which the 

phase of said local frequency signal LO is transformed by a prescribed phase value 
to the other of said first mixer and second mixer; and 

means for changing the phase value used to transform by said second phase 
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compensation means while the phase value used to transfomi by said first phase 
compensation means is fixed. 

23. The mixer circuit of claim 21, further comprising: 

a first gain compensation means for adding a prescribed gain to output 
5 signal of one of said first mixer and second mixer and applying the signal to said 
subtractor; 

a second gain compensation means for adding a prescribed gain to output 
signal of the other of said first mixer and second mixer and applying the signal to 
said subtractor; and 

10 means for changing the gain value added by said second gain compensation 

means while the gain value added by said first gain compensation means is fixed. 

24. The mixer circuit of claim 22, further comprising: 

a memory device; 
a power detector 

15 a switch for switching input signal from said input tetxninal to said power 

detector or said separator; 

a detector for detecting whether the power is applied first to said mixer 

circuit; 

switching means for making said switch, in response to detecting for said 
20 detector detecting the power is applied first, to switch the input signal firom input 
terminal to said power detector, 

means for making said local oscillator to generate a prescribed local 
firequency signal; 
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means for changing the phase value of said second phase compensation 
gradually by said phase value transfomiation means; 

means for recording a &st and a second phase compensation value 
compensated by said first phase compensation means and said second phase 
5 compensation means to said memory device if substantially zero (0) power is 
detected on said power detector; and 

switching means for making said switch, in response to recording the first 
phase compensation value and the second phase compensation value to said 
memory device, to switch the input signal firbm input terminal to said separator; 
10 and wherein 

said first phase compensation means and second phase compensation 
means transforms the phase value according to the first phase compensation value 
and the second phase compensation value recorded on said memory device. 
25. The niixer circuit of claim 24, wherein said means for changing the phase 
15 value of said second phase compensation gradually changes the phase value to any 
of three phase value, 

the means for recording includes means for determining the second phase 
compensation value to the value determined by the following equation 

. Ha 

20 for a, b, and c satisfying the following equation assuming said three phase 

values are Vc of the following equation and the corresponding value of detected 
power is Vd. 
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26. The mixer circuit of claim 23, further comprising: 
a memory device; 
a power detector 

5 a switch for switching iaput signal from said input terminal to said power 

detector or said separator; 

a detector for detecting whether the power is appHed first to said mixer 

circuit; 

switching means for making said switch, in response to detecting for said 
10 detector detecting the power is applied first, to switch the mput signal from input 
terminal to said power detector, 

means for making said local oscillator to generate a prescrihed local 
frequency signal; 

means for changing the gain value of said second gain pompensation 
15 gradually by said gain value transforaiation means; 

means for recording a first and a second gain compensation value 
compensated by said first gain compensation means and said second gain 
compensation means to said memory device if substantially zero (0) power is 
detected on said power detector; and 
20 " switching means for making said switch, in response to recording the first 

gain compensation value and the second gain compensation value to said memory 
device, to switch the input signal from iiiput terminal to said separator; and 
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wherein 

said first gain compensation means and second gain compensation means 
adding the gain value according to the first gain compensation value and the 
second gain compensation value recorded on said memory device. 
5 27. The mixer circuit of claim 26, wherein said means for changing the gain value 
of said second gain compensation gradually changes the gain value to any of three 
gain value, 

the means for recording includes means for determining the second gain 
compensation value to the value determined by the following equation 




for a, b, and c satisfying the following equation assuming said three gain 
values are Vc of the following equation and the corresponding value of detected 
power is Vd. 

15 28. The mixer circuit of claim 1, wherein said first mixer and second mixer are 
differential circuits and output a first and a second output signals whose polarities 
are opposite to each other; and 
said subtractor includes: 

a first subtractor subtracting the first output signal of said second mixer 

20 from the first output signal of said first mixer; and 

a second subtractor subtracting the second output signal of said second 

mixer from the second output signal of said first mixer. 
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29, A mixer circuit coniprising: 

a separator separating input signal from input terminal to a first signal and a 
second signal having the same phase; 

a local oscillator generating local frequency signal; 
5 a phase transformer transforming said local frequency signal about 1 80 

degrees phase; 

a first phase compensation means for transforming the phase of the local 
frequency signal LO which is 180 degrees phase transformed by a prescribed 
phase value; 

10 a second phase compensation means for transforming the phase of the local 

frequency signal LO by a prescribed phase value; 

a first mixer mixing said first signal and the signal whose phase is 
transformed by said first phase compensation means; 

a second nuxer mixing said second signal and the signal whose phase is 
1 5 transformed by said second phase compensation means; 

a subtractor subtracting output signal of said second mixer from output 
signal of said first mixer; and 

means for changing the phase value transformed by the one of said first 
phase compensation means and said second phase compensation means while the 
20 phase value transformed by the other of said first phase compensation means and 
said second phase compensation means is fixed. 

30. The mixer circuit of claim 29, further comprising: 

a memory device; 
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a power detector 

a switch for switching input signal from said input terminal to said power 
detector or said separator; 

a detector for detecting whether the power is applied first to said mixer 

5 circuit; 

switching means for making said switch, in response to detecting for said 
detector detecting the power is applied first, to switch the input signal from input 
terminal to said power detector, 

means for making said local oscillator, in response to switching, to 
10 generate a prescribed local frequency signal; 

means for changing the phase value of said second phase compensation 
gradually by said phase value transformation means; 

means for recording a first and a second phase compensation value 
compensated by said first phase compensation means and said second phase 
15 compensation means to said memory device if substantially zero (0) power is 
detected on said power detector; and 

switching means for making said switch, in response to recording the first 
phase compensation value and the second phase compensation value to said 
memory device, to switch the input signal from input terminal to said separator; 
20 and wherein 

said first phase conipensation means and second phase compensation 
means transforms the phase value according to the first phase compensation value 
and the second phase compensation value recorded on said memory device. 
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31. The mixer circuit of claim 30, wherein said means for changing the phase 

* 

value of said second phase compensatioil gradually chianges the phase value to any 
of three phase value, 

the means for recording includes means for determining the second phase 
5 compensation.value to the value determined by the foUowiag equation 

for a, b, and c satisfying the following equation assuming said three phase 
values are Vc of the following equation and the corresponding value of detected 
power is Vd. 



10 



32. The mixer circuit of claim 29, wherein said first mixer and second mixer are 
differential circuits and output a first and a second output signals whose polarities 
are opposite to each other; and 

said subtracter includes: 
15 a first subtracter subtracting the first output signal of said second mixer 

firom the first output signal of said first mixer; and 

a second subtracter subtracting the second output signal of said second 
mixer firom the second output signal of said first mixer. 

33. A mixer circuit comprising: 

20 a separator separating input signal firom input terminal to a first signal and a 

second signal having the same phase; 

a local oscillator generating local firequency signal; 
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a phase transfonner transforming said local frequency signal about 180 
degrees phase; 

a first mixer mixing said first signal and the signal whose phase is 
transformedby 180 degrees; 
5 a second mixer mixing said second signal and said local frequency signal 

LO; 

a first gain compensation means for adding a prescribed gain to the output 
signal of said first mixer; 

a second gain compensation means for adding a prescribed gain to the 
10 output signal of said second mixer; 

a subtractor subtracting the output signal of said second gain compensation 
means from the butput signal of said first gain compensation means; and 

means for changing the gain value added by the one of said first gain 
coinpensation means and said second gain compensation means while the gaiii 
15 value added by the other of said first gain compensation means and said second 
gain compensation means is fixed. 
34. The mixer circuit of claim 33, further comprising: 
a memory device; 
a power detector 

20 a switch for switching input signal from said input terminal to said power 

detector or said separator; 

a detector for detecting whether the power is applied first to said mixer 

circuit; 

64 . 



wo 02/075917 



PCT/KR02/00269 



switching means for makmg said switch, in response to detecting for said 
detector detecting the power is applied first, ,to switch the input signal from input 
terminal to said power detector, 

means for making said local oscillator, in response to switching, to 
5 generate a prescribed local frequency signal; and 

means for changing the gain value of said second gain compensation means 
gradually by said gain value transformation means, and recording a first and a 
second gain compensation value compensated by said first gain compensation 
means and said second gain compensation means to said memory device if 
10 substantially zero (0) power is detected on said power detector; and wherein 

said first gain compensation means and second gain compensation means 
adds the gain value according to the first gain compensation value and the second 
gain compensation value recorded on said memory device. 

35. The mixer circuit of claim 34, wherein said means for changing the gain value 
15 of said second gain compensation gradually changes the gain value to any of three 
gain value, 

the means for recording includes means for determining the second gain 
compensation value to the value determined by the following equation 



20 for a, b, and c satisfying the following equation assuming said three gain 

values are Vc of the following equation and the corresponding value of detected 
power is Vd. 
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36. The mixer circuit of claim 33, wherein said first mixer and second mixer are 
differential circuits and output a first aiid a second output isignals whose polarities 
are opposite to each other; and 
5 said subtractor includes: 

a first subtractor subtracting the first output signal of said second mixer 
from the first output signal of said first mixer; and 

a second subtractor subtracting the second output signal of said second 
mixer firom the second output signal of said first mixer, 

10 
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